INTRODUCTION
Changes in root surface morphology, such as root resorption as a result of orthodontic tooth movement, are recognized as an unfavorable possible consequence of orthodontic treatment. It is an irreversible change and its incidence 1s difficult to predict.
Several risk factors have been implicated which increase individual predisposition:
endocrine and metabolic disorders 1 - A survey of the literature reveals that there are a number of papers which utilize techniques for observing teeth which have been subjected to tipping, extrusive and intrusive movements.
However, there are no experiments which use an appliance designed to produce root movement and intrusion which places a high stress concentration at the root. In addition, subtraction radiography has not been utilized as a method to demonstrate changes in root morphology.
In the present investigation, orthodontic force was applied to the teeth of monkeys in order to induce changes in root surface morphology. The general objective of the study is to relate the changes observed clinically and radiographically to those occurring at the histologic level. The specific aims of this investigation are: were placed parallel to the occlusal plane.
All brackets
Amalgam reference points were placed in both the right and lett lower cuspids to aid in the superimposition of the radiographs. The placement at the incisal edge was important because it had to be at a distance from the bracket.
In the experimental side, a root spring made of .018 x .025 stainless steel was ligature-tied from the posterior bracket to the cuspid bracket.
The appliance induced orthodontic intrusion as well as distal root movement of the cuspid. The appliance delivered a high moment to force ratio to the cuspid and by increasing the pre-activation bends on the distal segment with respect to the cuspid, intrusion of the cuspid occurred. 47 ( Fig. 1) The root spring was reactivated at three weeks and delivered a large moment to the experimental teeth. The force system of the spring was calibrated prior to insertion. The actual force
and moment values used are given in Table I On a weekly schedule, the monkeys were anesthetized and the tooth movement and appliance were more closely inspected. Any loose bands, broken wires or bent appliances were replaced and an oral prophylaxis was performed.
Radiologic Methods
Both baseline and post-treatment films must be taken at the same voltage, current and time parameters. Object-film distance, and horizontal and vertical angulations must be identical from one film to the next. The fabrication of a standardized device for taking reproducible dental radiographs has been described 36 •
• A child anterior precision instrument device was used for film positioning (Fig. 2) .
The device was prepared with the following modification: Instead of superimposing on a quadrant of teeth, the template was made solely for the cuspid. Deep grooves were cut in the cuspid with a crown and bridge bur and a single tooth impression was made using cold-cure acrylic. This impression was trimmed and bonded to an acrylic plate sized 8 x 13 x 32mm.
This piece was fastened to the precision instrument with two #8 bolts with nuts.
The x-ray machine used was a Siemens Heliodont dental unit with a long cone at settings of 90 kVp, and .64 second exposure.
Kodak size 0, D-speed film was used for all exposures •
••
Periapical films were processed by hand developers using FR developing and fixing chemistry.
Step-wedge films were taken at each session to monitor machine and chemistry performance. The Superimpositions of the masque film on the post-treatment radiograph was performed using a dissecting microscope at 10x
with a high intensity lamp projected from behind the film. The root canal and the crown of the cuspid were used for superimposing the films. The print was made using Kodak print :film on a Cronex printer. Again, the time settings were set to produce optimum density.
Sacrifice Q~Animals
The animals were sacrificed after seven weeks by injecting a fatal dose of ketamine hydrochloride directly into the heart of each animal. Following this, the mandible was removed and hemisected with aid of an electric bone saw.
Histologic Preparation
The two halves of the mandible were immediately fixed in 10% formalin and the tissues were then decalcified in 5% formic acid.
After decalcification, all excess tissue was removed. Conventional and subtraction radiography were compared with respect to their ability to detect small changes in radiographic appearance due to changes in tissue density. An attempt was made to correlate the observed radiographic changes with the histologic appearance of the cuspid.
RESULTS

Visual Examination
All bands, brackets and wires stayed in placed for the duration of the experiment. The action of the spring on the experimental teeth induced observable intrusion, tipping and distal root movement of the cuspid (Fig.3) . Extrusion and mesial root movement of the buccal segment were observed (Fig 4) . Odontoclasts with multiple nuclei were observed at the resorbing site although demarcation of the cell boundaries could not be clearly delineated. Their morphology and staining pattern were variable; however, in general the cytoplasm was eosinophilic and stained lightly. The nuclear staining was more variable ranging from lightly stained to darkly stained with distinct nucl eoli.
Two areas of cementum apposition were observed. First, cementum was laid down on the mesial aspect of the cuspid root.
In the second, a hypercementosis was seen at the apex of a second molar.
The cementum in non-resorbed areas was of normal morphology.
The PDL surrounding the experimental teeth had a rich cellular content with an abundance of fibroblasts with basophilic cytoplasm. The PDL appeared edematous and the fibers were in a disorganized arrangement. There appeared to be an increased amount of new capillary budding and a hyperemic state compared to control teeth (Fig. 10 ). There were no areas of hyaliniza tion. Subtraction of the films was performed by superimposing to best fit using the coronal and root canal anatomy. In both control and experimental teeth, no clear evidence of root morphology changes could be detected. A dark zone was observed at the apex of both the control and experimental cuspids. This was probably due to efforts in superpositioning ( Fig. 13 & 14) .
DISCUSSION
The present study was undertaken to observe the radiographic and histologic changes produced from the use of a defined force system exerting root movement and intrusive forces. The mandibular left cuspid of Hascaca fascicularis monkeys was used as the experimental tooth. The forces were in the clinical range for human sUbjects 49 .
Periapical radiographs were taken and viewed conventionally and with a subtraction technique. The force system produced the desired tooth movement as was shown by visual, radiographic and histologic examination.
Reitan 18 has stated that the magnitude of the applied force is the most critical causative factor in the onset of root resorption. nellinger 38 , in a study on primates, reported that fifty grams was the optimum force level for intrusion of premolars. He selected this value because he observed no root resorption.
In the present study, moment values of 2800 to 3000 g-mm were chosen. These values are comparable to moment values proposed by Burstone 49 for cuspid root movement in humans. Since the primate cuspid has a smaller root surface area than the human, a greater stress should be felt by the primate root. In the present study, a radiographic and histologic examination revealed no root resorption.
The histologic findings of this study support previous observations by Reitan 18 and Rygh 40 that root resorption also occurs when the forces are of a long duration. Kvam 
has
reported that dentinal resorption will occur at 25 days in humans with a force of 50 grams.
In the present study, surface cemental and dentinal resorptions were seen after the experimental period of 49 days.
The findings of this study are in agreement with those of Kvam 34 , 35 that minor root resorption occurs on most teeth subjected to orthodontic movement. The resorptions observed were more numerous on the distal aspect of the root, which is the surface undergoing compression.
On the other hand, the surfaces placed in tension reacted with slight cementum deposition. This is in agreement with the findings of Rygh 30 ,31.
It is important to note that these observations were made immediately after the orthodontic movement has ended. Thus, healing of the root surfaces had not been able to take place. Overall the cemental surface shows remarkable ability to heal following small resorption areas. This is contrary to apical root resorption which in effect causes shortening of the roots and is irreversible. 18
Surface root resorptions that were mostly limited to the cementum were noted in all experimentally moved teeth. These resorption tend to spread out once they reach the dentin 23 • In addition, the rapid formation of extensive resorptive defects has been purported to take place due to the thin walls separating the individual lacunae 34 • In young individuals, the root surfaces are normally covered by a precementum 48 and it has been shown that such tissue resists resorption more readily than cementum 1B •
The presence of the precementum may have prevented apical root resorption during the observation period.
Apical root resorption may have occurred had the experimental period been extended or with the use of a higher magnitude of force. The results of this study show that the force system used caused no apical root resorption as noted by blunting or shortening of roots. However, surface root resorptions were noted at several sites on roots of experimentally moved teeth.
The resorption was limited to cementum in most areas but once it reached dentin it tended to spread out. The changes observed histologically could not be conclusively correlated with the radiographic appearance due to the problems associated with superimposition and resolution of the radiographs. 
FIGU E 2
Two views of the modified precision instrument device used to position film for periapical radiograph.
FIGURE 3a
Experimental cuspid with wire to induce root movement and intrusion.
FIGURE 3b
Experimental cuspid after tooth movement. 
FIGURE 6
High power view of same control animal ( 
FIGURE 9
High power view of resorption lacunae in experimental animal at 7 weeks. Note marked irregularity of root surface containing multinucleated odontoclasts (0).
H & E 550x.
FIGURE 10
Periodontium of experimental animal at 7 weeks. Periodontal ligament appears edematous and there is marked vascular dilitation (v),. Note the lack of discrete periodontal collagen fibers.
H & E 250x. 
